Recent developments in crystal structure prediction, in particular, the powerful evolutionary algorithm USPEX [1, 2], enable reliable prediction of stable compounds formed by given elements. At normal conditions such calculations produce the wellknown stable compounds: e.g., NaCl as the only compound of Na and Cl, or MgO as the only stable compound of Mg and O. At high pressures and in low-dimensional materials, unexpected phenomena have been predicted -then experimentally verified. I will discuss several recent examples:
